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This invention relates generally to assemblies 
suitable for use with relatively rotatable parts to 
provide a fluid-tight seal. 

In the past shaft or bearing seals have been 
used to seal against loss of lubricating oil or 
grease, or to prevent passage of gases or other 
fluids. Typical prior assemblies have employed 
cup leathers or similarly shaped elements formed 
of leather, synthetic rubber or like material, hav 
ing an annular surface urged by metal springs 
into sealing engagement with the shaft. Such 
assemblies are subject to certain inherent disad 
vantages. For example considerable friction is 
encountered between the parts in rubbing contact 
and such friction is particularly noticeable when 
relatively high speeds of rotation are encountered. 
It is not uncommon for the cup leathers to dete 
riorate in operation, with the result that consid 
erable servicing is required to replace worn Cup 
leathers or cup leathers which have otherwise 
lost their ability to maintain a prior seal. Even 
when the cup leathers are in good condition the 
seal is not always as perfect as desired, and leak 
age is frequently encountered due to inherent 
pumping action, particularly at the higher speeds. 
Leakage also develops in the event of slight mis 
alignment of the shaft with respect to the bore or 
bearing in which it is operating. A typical as 
sembly of this character requires considerable 
space for its installation thus placing limitations 
upon the design of equipment with which the seals 
are to be used. The first cost of such Seals is also 
considerable, and installation is frequently trou 
blesome and expensive. 

It is the general object of the present invention 
to provide a sealing assembly which will overcome 
the inherent defects of prior art seals as out 
lined above. 
A further object of the invention is to provide a 

sealing assembly which is capable of use at high 
rotational speeds without being subject to pump 
ing action with resulting leakage. 

Further objects of the invention are to provide 
a sealing assembly which will be subject to little 
if any wear even after long periods of usage, 
which will require a minimum amount of servic 
ing, which will occupy a relatively small space 
and thereby better lend itself to installation with 
various types of equipment, which can be manu 
factured at relatively low cost, and which can be 
readily incorporated with a given shaft assembly. 

Further objects of the invention will appear 
from the following description in which the pre 
ferred embodiments have been set forth in detail 
in conjunction with the accompanying drawing. 

Referring to the drawing: 
Figure 1 is a side elevational view, partly in 

section, illustrating one embodiment of my in 
vention. 
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Figure 2 is an end view of the assembly shown 
in Figure 1. 

Figure 3 is an exploded view diagrammatically 
illustrating the construction of the sealing as 
sembly shown in Figure 1. 

Figure 4 is an enlarged sectional view showing 
more clearly that form of the invention incorpo 
rated in Figure 1. 

Figure 5 is a quarter end view of another form 
of the invention. w 

Figure 6 is a side elevational view in section, 
showing the same form of the invention illus 
trated in Figure 5. 

Figure 7 is an enlarged sectional detail of that 
form of the invention illustrated in Figures 5 
and 6. 

Figure 8 is an enlarged sectional detail serving 
to illustrate another embodiment of the inven 
tion. 

Figure 9 is an enlarged cross-sectional detail 
illustrating another embodiment of the invention. 

Figure 10 is an enlarged cross-sectional detail 
illustrating another embodiment of the invention. 

Figure 11 is a cross-sectional detail illustrating 
another embodiment of the invention in which 
my sealing assembly is incorporated with a ball 
bearing assembly. 

Figure 12 is a cross-sectional detail showing 
another embodiment of the invention likewise in 
corporated in a ball bearing assembly. 

Figure 13 is an enlarged cross-sectional detail 
illustrating another embodiment of the invention. 
somewhat similar to the form illustrated in Fig 
ure 9, but with special machined mounting rings 
used in place of spun sheet metal. 

Figure 14 is an enlarged cross-sectional detail 
illustrating another embodiment of the invention 
in which one of the annuluses is made of non 
metallic material. 

Figure 15 is an enlarged cross-sectional detail 
illustrating another embodiment of the invention 
in which two annuluses are made of non-metallic 
material. 
Figure 15a is an enlarged cross-sectional detail 

illustrating another form of the invention in 
which non-metallic material is used to provide 
certain sealing areas. 

Figure 16 is an enlarged cross-sectional detail 
showing another embodiment of the invention in 
which one annulus is made integral with One part 
of the bearing. 

Figure 17 is an enlarged cross-sectional detail 
showing another embodiment in which one an 
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nulus of the assembly is made of rigid material 
and cooperates with a plurality of flexible an 
nuluses. 

Figure 18 is an enlarged cross-sectional detail 
illustrating an assembly in which corrugated 
annuluses are employed. 
In general my invention utilizes a simple as 
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sembly of parts capable of establishing reliable 
and effective interface sealing contacts on an 
nular areas concentric with the axis of the shaft 
with which the assembly is used. The inter 
face contacts are such that although an effec 
tive Seal is formed irrespective of the relative 
Speeds of rotation, a minimum of friction is 
provided, and the contacting areas are not sub 
ject to appreciable wear. Preferably the princi 
pal parts are assembled in such a manner that 
the areas in sealing contact are preloaded with 
respect to the forces urging the same together, 
and whereby it is unnecessary to provide special 
ground surfaces on the shaft or other parts with 
which the assembly is used. 

Referring particularly to that form of the in 
vention illustrated in Figures 1 to 3 inclusive, I 
have provided a sealing assembly including an 
nuluses , 2 and 3 which are formed of rel 
atively thin flexible sheet metal. The an 
nuluses in this instance are flat or planar, and 
can be formed of suitable spring metal or metal 
alloys such as high carbon steel, phosphor bronze, 
or one or more of the so-called stainless steels. 
Referring particularly to exploded Figure 3 the 
larger annulus f is dimensioned to have an 
inner peripheral marginal edge adapted to over 
lap Outer marginal edge portions of the Smaller 
annuluses 2 and 3. Interposed between the 
inner margins of annuluses 2 and 3, there is a 
spacer ring 4 which can be conveniently formed 
of thin sheet metal of a gauge slightly less than 
the gauge of annulus f. For example assuming 
that the sheet metal forming annuluses f, 2 
and 3 measures .003 inch in thickness, spacer 
4 can be of the Order of .002 inch in thickness. 
Prior to applying the above parts to a shaft 

or bearing, it is desirable to assemble them sub 
stantially as indicated in Figures 1 and 4, and 
to retain annuluses 2 and 3 and spacer f4 in 
assembled relationship upon annulus f, as by 
spot welding through the spacer 4, say at four 
circumferentially spaced points. 
As illustrated in Figures 1, 2 and 4 the seal 

ing assembly is applied to a conventional shaft 
f6 extending through the bore f l in the outer 
part 8. This outer part may be a bearing 
housing, or in the event the shaft 6 is stationary, 
it may be the hub of a rotating part. A Con 
ventional ball bearing assembly is shown be 
tween shaft 6 and housing f8, consisting in this 
instance of the inner and outer ball races f9 
and 2 f, and the balls 22. The assembly formed 
by the annuluses ff, 2 and 3 is shown positioned 
in a plane adjacent to the ball bearing assembly 
and at right angles to the axis of shaft 6. A 
shoulder or spacer ring 23 is interposed between 
annulus f f and the adjacent ball bearing race 2f. 
A clamping ring 24 retains the outer peripheral 
edge of annulus i? in sealing engagement with 
ring 23, and may have a forced fit within the 
bore 7, or otherwise retained in proper clamping 
position. Similarly the inner peripheral edges 
of annuluses 2 and 3 are clamped together 
upon spacer A, by clamping ring 26, which urges 
the assembly toward the annular shoulder 27 
formed on the inner ball bearing race 9. 

Enlarged Figure 4 is exaggerated with respect 
to the thickness of the annuluses , 2 and 3 
but serves to illustrate the manner in which 
these parts Cooperate to provide an effective fluid 
Seal. Two Spaced and substantially parallel in 
terface contact areas 28 and 29 are provided, 
which are likewise generally at right angles to 
the axis of the shaft 6. The annular areas 
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4. 
in contact are yieldably urged together by virtue 
of the stressing of the annuluses 2 and 3 in a 
direction longitudinally of the shaft, by virtue 
of the fact that spacer 4 is slightly less in 
thickness than the annulus f. It will be evi 
dent that this stressing is well within the elastic 
limit of the material. A thin film of lubricating 
oil between the areas in contact serves to reduce 
rubbing friction to a minimum, while at the same 
time because such oil films are of capillary or 
microscopic dimensions, a sea is established 
which is capable of Withstanding considerable 
fluid pressure. Considering that the shaft 4 
rotates relative to the outer housing, and that 
liquid or semi-liquid lubricant is present on the 
right hand side of the assembly as shown in 
Figure 4, there can be no pumping action tend 
ing to cause flow of lubricant through the areas 
in interface sealing contact. This is because the 
interface contacting areas 29 extend inwardly 
toward the axis of the rotating shaft, from that 
edge of the same which is exposed to the bearing 
space. However although pumping action is not 
present even at relatively high speeds, capillarity 
is sufficient to insure Continued presence of an 
adequate lubricating film at all times. ASSum 
ing annuluses of resilient spring metal having a 
thickness of the order previously mentioned, 
namely about 0.003 inch, the extent of overlap 
may be of the order of from say sth to 4th of 
an inch for the more common sizes of bearings 
and shafts. 
That form of the invention illustrated in Fig 

ures 5 to 7 inclusive is similar to the form de 
scribed with reference to Figures 1 to 4 inclusive, 
but the sealing assembly is provided with special 
mounting rings to facilitate its application to a 
shaft. Thus in this instance the annuluses 3f, 
32 and 33 are formed similar to annuluses , 
2 and 3, and also a spacer 34 is provided like 

spacer 4. However the dimensions are such that 
the outer and inner edges of the assembly are 
retained in the spun or pressed sheet metal rings 
36 and 37. These rings are formed U-shaped in 
transverse cross-section, and ring 36 has a sealed 
engagement with the outer edge of annulus 3. 
If desired sealing gaskets 38 can be employed. 
Ring 37 clamps the inner edges of the annuluses 
32 and 33 together upon the spacing element 34. 
Mounting ring 36 is made to a diameter slightly 
larger than the diameter of the bore 7 in which 
the same is to be placed, whereby when pressed 
into the position desired a sealing engagement is 
established to the housing 8. Ring 37 is sim 
ilarly formed to a diameter slightly smaller than 
the diameter of shaft 6, whereby the same can 
likewise be pressed upon the shaft to establish 
sealing engagement. It will be evident that by 
use of a suitable tool the complete assembly in 
a single operation can be pressed into proper 
position with respect to the shaft and outer part, 
or with respect to a ball bearing assembly as 
shown in Figure 6. Operation of this assembly 
is the same as that previously described with 
reference to Figures 1 to 4 inclusive, 

In some instances it is desirable to provide 
additional interface sealing contacts. As shown 
in Figure 8 this is accomplished by utilizing two 
annuluses 4 disposed side by side, in conjunc 
tion with three smaller annuluses 42. All of these 
annuluses are formed of relatively thin flexible 
sheet metal the same as Figures 1 to 4 inclusive. 
The outer edges of annuluses 4 are clamped to 
gether by the mounting ring 43, which in turn 
is pressed within the bore T. The annuluses 42 
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are similarly retained by the inner clamping ring 
4, which is pressed upon the shaft 6. The 
spacers 46 and are dimensioned whereby the 
proper preloading is provided between the an 
nular areas in interface sealing contact. For 
example spacer 46 can be of a thickness slightly 
less than the thickness of the annuluses 42. Spac 
ers 4 can be of a thickness slightly less than the 
thickness of the annuluses 4. Here again suffie 
client lubrication is provided whereby a lubricate 
ing film is interposed between the areas in intera 
face sealing contact to reduce friction to a mini 
num. An arrangement of this character is capa 
ble of withstanding considerable differential pres 
Sure, particularly in comparison with the ar 
rangement of Figures 1 to 4 inclusive, where only 
two interface contacting areas are provided. 

Figure 9 illustrates another form in which two 
side by side annuluses 5 are used in conjunction 
with two side by side Smaller annuluses 52. Here 
again the annuluses are formed of relatively flexi 
ble thin sheet metal the same as Figures to 4 
inclusive. The larger annuluses 5 are retained 
by the mounting ring 53, and the annuluses 52 
by ring 58. The Spacers 56 and 5 are dimen 
Sioned to provide proper loading between the 
Overlapping areas, to provide the desire interface 
Seal. An arrangement of this character operates 
in the same manner as Figures 1 to 4 inclusive, 
but because of the fact that annuluses 5 are 
Spaced apart the arrangement permits a some 
what greater amount of longitudinal movement 
of the shaft relative to the housing 8, without 
causing a separation of the areas in interface 
contact and without consequent loss of the de 
Sired Seal, 

In the form of the invention shown in Figure 
10 the annuluses 6 cooperate with annuluses 62, 
and are carried by mounting rings 63 and 64, 
Substantially as in Figure 9. However supple 
mental resilient means is provided to augment 
the stress of the annuluses to provide a desired 
loading between the Overlapping annular areas, 
The Supplemental means in this instance is an 
annulus 66 which can be formed of suitable resil 
ient material such as Synthetic rubber. If de 
sired this element can be of a material like neo 
prene, capable of slight SWelling upon contact 
With oil. Such SWelling action tends to increase 
the loading between the overlapping annular 
areas. In place of a material like neoprene a 
spongy Synthetic rubber can be provided which 
can be saturated With lubricating oil. Element 
66 will last indefinitely because it is stressed in 
compression rather than tension. 

In place of forming an assembly for application 
to a shaft and aSSociated housing, it is possible 
to form a sealing assembly incorporating the 
present invention in conjunction with a ball or 
roller bearing assembly. Thus in Figure 11 a ball 
bearing assembly is shown consisting of the inner 
and outer race rings 7 and 2, together with the 
balls 3. Mounted upon one side of the bearing 
races, and upon the other side likewise if desired, 
there is a sealing assembly consisting of annuluses 
4 and S, assembled substantially in the same 
manner as described with reference to Figures 1 
to 4 inclusive. As a simple means for retaining 
this assembly in place, I have shown outer and 
inner Snap rings and 78, which engage within 
the machined recesses 79 and 8, and which are 
preferably tapered to provide effective clamping 
forces such as are required to provide sealing 
engagement With the annuluses. 
While in general it is desirable that my sealing 

O 

6 
assembly provide its own annular areas in Sealing 
interface contact, it is possible as shown in Fig 
ure 12 to make use of a ground annular Surface 
formed upon a bearing part, such as the inner 
race ring . Thus in this instance race rings 3 
and 84 are similar to the rings i and 72 of Fig 
ure 11, but ring 83 is machined and ground to 
provide a smooth annular area. 85 in a plane at 
right angles to the axis of the bearing. A thin 
sheet metal annulus 86 has its outer peripheral 
edge carried by the ring 84, and retained by the 
tapered snap ring 87. The inner margin of an 
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nulus 86 overlaps the race area. 85, and also Over 
laps a second flexible thin metal annulus 88, 
Annulus 88 has its inner peripheral edge retained 
upon the ring 83 by the tapered snap ring 89. 
A spacer 9 may be inserted between annulus 88 
and the adjacent shoulder of the race 83, and 
this spacer is dimensioned whereby annulus 88 
is normally stressed to provide proper loading to 
press together the overlapping areas between 
annulus 88 and annulus 86, and also between 
annulus 86 and the surface 85 of race 83. Here 
again the areas in interface sealing contact are 
lubricated by a thin oil film whereby relative 
sliding movement occurs with a minimum of 
friction, and whereupon an effective fluid seal is 
insured at all times, 

Figure 13 illustrates a form of the invention 
similar to that shown in Figure 9, but with a 
modified form of clamping rings. Thus in this 
instance in place of utilizing rings formed of 
Spun or pressed sheet metal, I provide machined 
rings 93 and 94. The construction of these rings 
is such as to form annular spacing ribs 96 and 
97, which serve to properly space annuluses 5 
and 52, and also to provide annular recesses to 
receive the tapered snap clamping rings 98 and 
99. Mounting rings 93 and 94 are dimensioned 
to form pressed sealed fits with the bore and 
the Outer surface of shaft 6, the same as the 
clamping rings described with reference to Fig 
lure 7. It is possible to form ribs 96 and 97 as 
Separable Spacers, thus simplifying machining of 
the rings 93, 94. 
Although it is deemed preferable to form all 

of the annuluses of relatively thin flexible spring 
metal, it is possible to use in part non-metallic 
material such as Bakelite or like molded plastic, 
or a suitable grade of rubber-like material. Thus 
as shown in Figure 14" the seal assembly makes 
use of an annulus formed of non-metallic 
material, such as relatively thin sheet Bakelite, 
in conjunction with two annuluses 02 formed of 
relatively thin flexible sheet metal. The outer 
annulus 0 is retained by the clamping rings 3, 
and the metal annuluses O2 are likewise retained 
by clamping rings C4, in conjunction with the 
intervening spacer 6. 

Figure 15 likewise shows an arrangement in 
Which both metallic and non-metallic annuluses 
are employed. In this instance the annuluses go 
are formed of relatively thin sheet metal, and the 
inner two annuluses 08 are formed of non-metal 
lic material, such as relatively thin sheet Bakelite. 
Annuluses 0 are retained by the clamping rings 
09, in conjunction with spacer ff. Annuluses 
08 are retained by clamping rings 2 in con 

junction with the spacer 3. The manner in 
which these parts cooperate to form a seal is 
Similar to that illustrated in Figure 9. 

Figure 15a illustrates an embodiment some 
what like Figure 15 but with additional thin metal 
annuluses supplementing the annuluses. Thus in 
this instance thin metal annuluses 08a are dis 
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posed adjacent the outerfaces of the non-metallic 
elements foe, and they are stressed to provide 
all or a substantial amount of the loading, be 
tween the interface Sealing areas. This makes 
possible partial or complete elimination of stress 
ing for elements foe. - 
While it is desirable and preferable in most in 

stances for the annuluses to be capable of flex 
ibility in a direction longitudinally of the shaft, 
it is possible in some instances to utilize a rela 
tively rigid annulus or rib, or some equivalent 
member fixed with respect to one of the bearing 
parts with which the seal is being made. Thus as 
shown in Figure i6 the bore 4 of the housing 

6, through which the shaft if T extends, is pro 
vided with an integral annular rib 8 having 
machined or ground annular areas upon its op 
posite faces. Thin flexible sheet metal annuluses 
9 have their outer margins overlapping and 

pressed in Sealing interface contact with rib 8, 
and these annuluses are retained upon shaft T 
by clamping rings 2, in conjunction with spacer 
22. While an arrangement of this character 

will form an effective fluid-tight seal, it will be 
evident that the shaft in this instance cannot 
have an amount of permissible longitudinal move 
ment as great as with assemblies such as shown 
in Figures 1 to 10, 13 to 15, inclusive, because of 
the rigid character of the rib i? 8. Furthermore 
in this instance the parts cannot be manufac 
tured as a preloaded assembly, carrying areas 
urged in interface sealing contact. 

Figure 17 shows an arrangement somewhat 
Similar to Figure 16, but in this instance in place 
of a rib f8 integral with the housing 6, a ring 

8a is provided made of suitable material such 
as metal, Bakelite or the like. This ring is formed 
to provide suitable annular areas for interface 
Sealing contact with the outer margins of the 
metal annuluses 9, and has a suitable pressed 
fit within the bore f4. 

O 
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8 
by limitation it can be explained that in practice 
where the assembly is formed as illustrated in 
Figures 1 to 4 inclusive a metal thickness has 
been used for the annuluses ranging from 0.002 
to 0.006 depending upon the diameter of the shaft 
and the diameter of the bore 7. The thinner 
gauges of Say 0.002 to 0.004 inch are suitable for 
the Smaller sized bearings, as for example where 
the shafts measure 0.5 to 2.0 inches in diameter 
and the bore T 1.5 to 3.25 inches in diameter. 
The thicker gauges can be used for the larger 
sized bearings such as for example where the 
shafts measure 3.0 to 4.5 inches in diameter and 
the bore 7 4 to 6 inches. For simple bearing 
Seals the annuluses can be dimensioned so that 
the overlap occurs substantially midway between 
the shaft and the wall of the bore 7. It will be 
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In all of the foregoing embodiments the sealing 
annuluses are fiat or planar. It is possible how 
ever to depart from planar construction, par 
ticularly in order to increase the fiexing action 
afforded, and thus either enabling use of lighter 
gauge metal, or accommodating a greater 
amount of relative longitudinal movement of the 
shaft. Thus in Figure 18 the outer and inner 
annuluses 26 and f 27 are formed of relatively 
thin flexible sheet metal, but they are provided 
with corrugations. The corrugations extend con 
centrically about the axis of the shaft with which 
the assembly is used. The mounting rings 28, 
29 for the annuluses 26, 27 can be similar to 
the rings 36 and 37 illustrated and described with 
reference to Figure 7. 

It will be evident that the invention can be 
embodied in forms other than the embodiments 
described above. It can be applied to a wide 
variety of services, including for example the pro 
vision of a seal to prevent escape of various 
gSes, liquids or vapors, as well as oil or grease 
lubrirants. Also it can be used at elevated tem 
peratures within the limits of the lubricant avail 
able. While the areas of the sheet metal parts 
in interface Sealing contact will Ordinarily not 
require any machining or grinding, it is possible 
to apply what is known as a micro-finish to the 
areas in contact, where it is desired to increase 
the ability of the seal to withstand fluid pres 
Stres. 

Previous reference has been made to use of 
thin metal having a thickness of 0.003 inch for 
the annuluses. By way of example rather than 
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evident however that the relative proportioning 
of the annuluses can be varied in practice to suit 
different conditions. Likewise the area presented 
by the annuluses can be adjusted to suit varying 
conditions, as for example to provide a minimum 
of free exposed area where substantial differen 
tial pressures are to be withheld. u 
To summarize important features of the in 

vention, in the preferred forms described above 
an assembly is provided which incorporates its 
Own interface sealing areas and which is pre 
loaded with respect to the forces urging the areas 
into sealing contact. Installation is simple and 
very little space is occupied in the final installa 
tion. Thus use of my assembly facilitates design 
of the equipment with which the assembly is to 
be used. Installation of my invention enables op 
eration at even relatively high rotative speeds 
Without pumping action and without appreciable 
Wear or friction. The Sea is maintained irre 
spective of slight misalignments of the shaft with 
respect to the bore or bearing in which it is Op 
erating. Barring mutilation by accident or mis 
use, my seal will last indefinitely without replace 
ment or servicing. 

I claim: 
1. A sealing device for establishing a fluid-tight 

seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said sealing device 
comprising, an outer sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially inward into 
said space, an inner sealing structure adapted to 
be carried by said inner part in fuid-tight rela 
tion therewith and extend radially outward into 
space, said inner structure having an annular 
portion adapted to be fixed to said inner part and 
fixedly carrying two outwardly extending annular 
sealing elements overlapping and receiving said 
outer structure therebetween, said outer struc 
ture having at least one inwardly extending an 
nular sealing element providing annular substan 
tially radial sealing areas contacting correspond 
ing Sealing areas on said elements of said inner 
structure, said corresponding sealing areas on the 
elements of said inner structure being annular 
and substantially parallel to the sealing areas of 
said outer structure, at least two of said elements 
being of thin spring metal and being axially 
stressed within their elastic limits to resiliently 
urge said Sealing areas into sealing engagement, 
one end of said sealing device at Said Sealing 
areas being constituted by one of the elements of 
said inner structure. 

2. A sealing device for establishing a fluid 
tight seal between relatively rotatable inner and 
outer parts having an annular space therebe 



s 
tween for receiving said sealing device, said seal 
ing device comprising, an outer Sealing structure 
adapted to be carried by said outer part in fluid 
tight relation therewith and extend radially in 
ward into said space, an inner sealing structure 
adapted to be carried by said inner part in fluid 
tight relation therewith and extend radially out 
ward into said space, said inner structure having 
an annular portion adapted to be fixed to Said 
inner part, two outwardly extending annular 
sealing elements having their, inner peripheries 
clamped in said annular portion and their outer 
peripheries overlapping and receiving said outer 
structure therebetween, said outer structure hav 
ing at least one inwardly extending annular Seal 
ing element providing annular substantially 
radial sealing areas contacting corresponding 
sealing areas on said elements of said inner struc 
ture, said corresponding sealing areas on the ele 
ments of said inner structure being annular and 
substantially parallel to the Sealing areas of said 
outer structure, said elements of Said inner struc 
ture being of thin spring metal and being axially 
spaced in said annular portion a distance less 
than the axial width of the inner periphery of 
said outer structure so as to be axially stressed 
within their elastic limits to resiliently urge said 
sealing areas into sealing engagement, one end of 
said sealing device at said sealing areas being 
constituted by one of the elements of said inner 
structure. 

3. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and 
outer parts having an annular space therebe 
tween for receiving said sealing device, Said Seal 
ing device comprising, an outer sealing structure 
adapted to be carried by said outer part in fluid 
tight relation therewith and having an annular 
sealing element extending radially inward into 
said space, an inner Sealing structure adapted to 
be carried by said inner part in fluid-tight rela 
tion therewith and extend radially outward into 
said space, said inner structure having an annu 
lar portion adapted to be fixed to Said inner part, 
two outwardly extending annular Sealing ele 
ments having their inner peripheries clamped in 
said annular portion and their outer peripheries 
overlapping and receiving said element of said 
outer structure therebetween, said sealing ele 
ment of said outer structure providing annular 
substantially radial sealing areas contacting cor 
responding sealing areas on said elements of said 
inner structure, said corresponding sealing areas 
on the elements of said inner structure being 
annular and susbtantially parallel to the Sealing 
areas of said outer structure, said elements of 
said inner structure being of thin spring metal 
and being axially spaced in said annular portion 
a distance less than the axial thickness of said 
element of said outer structure so as to be axially 
stressed within their elastic limits to resiliently 
urge said sealing areas into sealing engagement, 
one end of said sealing device at said sealing 
areas being constituted by one of the elements of 
said inner structure. 

4. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said sealing device 
comprising, an outer sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially in Ward into 
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Said space, an inner sealing structure adapted to 
be carried by said inner part in fluid-tight rela 
tion therewith and extend radially outward into 
said space, said inner structure having an annu 
lar portion adapted to be fixed to said inner part, 
two OutWardly extending annular sealing ele 
ments having their inner peripheries clamped in 
said annular portion and their outer peripheries 
Overlapping and receiving said outer structure 
therebetween, said outer structure having two in 
Wardly extending annular sealing elements pro 
viding annular substantially radial sealing areas 
contacting corresponding sealing areas on Said 
elements of said inner structure, said correspond 
ing Sealing areas on the elements of said inner 
structure being annular and substantially paral 
lel to the sealing areas of said outer structure, at 
least two of Said elements being of thin spring 
metal and being axially stressed within their 
elastic limits to resiliently urge said sealing areas 
into sealing engagement, the last-mentioned two 
elements being part of one of said structures, one 
end of Said Sealing device at said sealing areas 
being constituted by one of the elements of said 
inner structure. 

5. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said sealing device 
comprising, an outer sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially inward into 
said Space, an inner Sealing structure adapted to 
be carried by said inner part in fluid-tight rela 
tion therewith and extend radially outward into 
said Space, said inner structure having an an 
nular portion adapted to be fixed to said inner 
part, two outwardly extending annular sealing 
elements having their inner peripheries clamped 
in said annular portion and their outer periph 
eries overlapping and receiving said outer struc 
ture therebetween, said outer structure having 
two in Wardly extending annular sealing elements 
providing annular substantially radial sealing 
areas at their inner peripheries contacting cor 
responding Sealing areas on said elements of said 
inner structure, said corresponding sealing areas 
On the elements of said inner structure being on 
the Outer peripheries thereof and being annular 
and substantially parallel to the sealing areas of 
said outer structure, said elements being of thin 
Spring metal and being axially stressed within 
their elastic limits to resiliently urge said sealing 
areas into sealing engagement, the ends of said 
Sealing device at Said sealing areas being consti 
tuted by said elements of said inner structure. 

6. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said sealing device 
comprising, an outer Sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially inward into 
Said Space, an inner sealing structure adapted to 
be carried by said inner part in fluid-tight rela 
tion therewith and extend radially outward into 
said space, said inner structure having an annu 
lar portion adapted to be fixed to said inner part, 
two outwardly extending annuiar sealing ele 
ments having their inner perpheries clamped in 
said annular portion and their outer peripheries 
overlapping and receiving said outer structure 
therebetween, said outer structure having an an 
nular portion adapted to be fixed to said outer 
part, at least One inwardly extending annular 
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sealing element having its outer periphery 
clamped in said annular portion of said outer 
structure and its inner periphery providing an 
nular substantially radial sealing areas contact 
ing corresponding sealing areas on said elements 
of said inner structure, said corresponding sealing 
areas on the elements of said inner structure 
being annular and substantially parallel to the 
sealing areas of said outer structure, said ele 
ments of said inner structure being of thin Spring 
metal and being axially spaced in said annular 

O 

portion of said inner structure a distance less 
than the axial thickness of the inner periphery 
of said outer structure so as to be axially stressed 
within their elastic-limits to resiliently urge said 
sealing areas into sealing engagement, one end of 
said Sealing device at said sealing areas being 
constituted by one of the elements of said inner 
structure. 

7. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said Sealing device 
comprising, an outer Sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially inward into 
said space, an inner sealing structure adapted 
to be carried by said inner part in fluid-tight 
relation therewith and extend radially outward 
into said space, said inner structure having an 
annular portion adapted to be fixed to said inner 
part, two outwardly extending annular sealing 
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elements having their inner peripheries clamped . 
in said annular portion and their outer periph 
eries overlapping and receiving said outer struc 
ture therebetween, said outer structure having an 
annular portion adapted to be fixed to said outer 
part, two inwardly extending annular sealing ele 
ments having their outer peripheries clamped in 
said annular portion of said outer structure and 
their inner peripheries providing annular Sub 

... stantially radial sealing areas contacting corre 
sponding sealing areas on the Outer peripheries 
of said elements of said inner structure, said cor 
responding Sealing areas on the elements of said 
inner structure being annular and substantially 
parallel to the sealing areas of said outer struc 
ture, said elements of said inner structure being 
of thin spring metal and being axially spaced in 
said annular portion of said inner structure a dis 
tance less than the axial thickness of the inner 
periphery of said outer structure so as to be axial 
ly stressed within their elastic limits to resiliently 
urge said sealing areas into sealing engagement, 
the ends of said sealing device at said sealing areas 
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being constituted by said elements of said inner 
structure. 

8. A sealing device for establishing a fluid-tight 
seal between relatively rotatable inner and outer 
parts having an annular space therebetween for 
receiving said sealing device, said sealing device 
comprising, an outer sealing structure adapted to 
be carried by said outer part in fluid-tight rela 
tion therewith and extend radially inward into 
Said space, an inner sealing structure adapted to 
be carried by said inner part in fluid-tight rela 
tion therewith and extend radially outward into 
said space, said inner structure having an annular 
portion adapted to be fixed to said inner part, two 
axially spaced outwardly extending annular seal 
ing elements having their inner peripheries 
clamped in said annular portion and their outer 
peripheries providing annular substantially radial 
Sealing areas, said outer structure having an an 
nular portion adapted to be fixed to said outer 
part, two inwardly extending annular sealing ele 
ments having their outer peripheries clamped in 
said annular portion of said outer structure and 
their inner peripheries overlapping said elements 
of said inner structure and providing annular 
Substantially radial sealing areas contacting said 
Sealing areas on Said elements of said inner struc 
ture, said sealing areas on the elements of said 
inner structure being substantially parallel to the 
Sealing areas of said outer structure, said ele 
ments of said structures being of thin spring 
metal and being axially spaced in said annular 
portions of said structures so as to be axially 
stressed within their elastic limits to resiliently 
urge Said Sealing areas into sealing engagement, 
the elements of one of said structures being posi 
tioned between the elements of the other of said 
structures at said sealing areas. 
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